The reaction of 3,5-bis(bromomethyl)toluene with benzotriazole yields the bidentate ligand 3,5-bis(benzotriazol-1-ylmethyl)toluene (1). This ligand reacts with [PdCl 2 (cod)] (cod = 1,5-cyclooctadiene) to give the complex [PdCl 2 {3,5-bis(benzotriazol-1-ylmethyl)tolyl}] (2). These compounds were characterized by elemental analyses, mass spectra, and FTIR and NMR ( 1 H, 13 C) spectroscopies. The palladium(II) complex 2 shows high activity as catalyst for oxidative amination, involving allyl butyl ether and phthalimide as substrates and PhICl 2 as a stoichiometric oxidant.
INTRODUCTION
The syntheses of late transition metal complexes have received much attention due to their potential applications for olefin polymerization catalysis. 1, 2 The discovery of a new class of catalysts based on Ni(II) or Pd(II) a-diimine compounds by Brookhart et al. 3 , has been followed by a considerable development of related bidentate nitrogen donor ligands. [4] [5] [6] [7] [8] Another family of active late transition metal polymerization catalysts based on pyrazol and poly(pyrazolyl) ligands has been described. [9] [10] [11] [12] [13] [14] [15] [16] These types of ligands are attractive since their steric and electronic properties can be changed by the appropriate selection of the substituents in the pyrazol ring.
In the last few years we have been interested in the synthesis of early and late transition metal complexes containing pyrazolyl derivatives as ligands, which can polymerize ethylene under mild conditions. [17] [18] [19] [20] [21] [22] Recently, we described the synthesis of new palladium complexes bearing the bidentate 3,5-bis(azol-1-ylmethyl)toluene ligands (azol = 3,5-dimethylpyrazol, indazol), which in the presence of methylaluminoxane lead to active catalysts for the polymerization of ethylene. 23 The palladium(II) complex containing 3,5-bis(indazol-1-ylmethyl)toluene is active as catalysts in C-C coupling reactions involving aryl halides substrates. 24 On the other hand, a variety of palladium(II) complexes have been successfully studied as catalysts for the aerobic oxidative amination of unactivated alkenes to yield amine derivatives. [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] This catalytic reaction leads to the formation of imines or enamines, via b-hydride elimination, through a mechanism analogous to the well-known Wacker process. 25 In this communication we report the synthesis and characterization of the new ligand 3,5-bis(benzotriazol-1-ylmethyl)toluene (1) 
EXPERIMENTAL
2.1. General All manipulations were performed in an inert atmosphere (nitrogen) using standard glove box and Schlenk techniques. All materials were purchased from Aldrich and used as received. The complexes [PdCl 2 {3,5-bis (3,5-dimethylpyrazol-1-ylmethyl) toluene}] (3) and [PdCl 2 (cod)] (cod = 1, 5-cyclooctadiene) were prepared according to published methods. 23, 39 NMR spectra were recorded on a Bruker Avance-400 spectrometer. FTIR spectra were recorded on a Bruker Vector-22 spectrophotometer using KBr discs. Elemental analyses (C, H, N) were performed on a Fisons EA 1108 CHNS-O microanalyzer. Mass spectra were obtained on a Micromass Quattro LC-Z electrospray mass spectrometer. 1 H-NMR spectroscopy relative to the internal standard. For the isolated yield, the solvent was removed and the product purified by silica gel column chromatography (type 60), using dichloromethane as eluent to give a white oil, air stable at room temperature. ME-ESI (m/z, ES 
RESULTS AND DISCUSSION
The compound 3,5-bis(benzotriazol-1-ylmethyl)toluene (1) was synthesized by reaction of 3,5-bis(bromomethyl)toluene with two equivalents of benzotriazole in refluxing toluene. The compound was isolated as a white solid, air stable at room temperature, soluble in acetone, dichloromethane and chloroform, and was characterized by elemental analysis, mass spectra, and FTIR and NMR ( 1 H, 13 C) spectroscopies. As shown in Scheme 1, the triazolyl groups are connected to the methylene spacers through the N1 atom.
Scheme 1. Synthesis of 3,5-bis(benzotriazol-1-ylmethyl)toluene (1)
The reaction of 1 with [PdCl 2 (cod)] in refluxing acetonitrile gives a compound of general formula [PdCl 2 {3,5-bis(benzotriazol-1-ylmethyl) toluene}] (2). Complex 2 was isolated as a yellow solid, air stable at room temperature. Due to the insoluble nature of complex 2 in standard NMR solvents the proposed stoichiometry is mainly supported by elemental analysis and FT-IR spectra. Although mononuclear or binuclear complexes have been obtained using related bis(azolyl) ligands, 12, 13, 22 in our case the isolation of non-soluble material indicates the probable formation of a polymeric species with the ligand acting as N,N-bridge between two palladium centers. This assumption is supported by the presence of one band at 350 cm -1 in the infrared spectrum, assigned to the stretching frequency of the Pd-Cl bond, which is characteristic of a trans dichloride isomer. 40 Considering that a variety of palladium(II) complexes have been successfully studied as catalysts in oxidative amination of alkenes reactions, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] we tested the behavior of complexes 2 and 3 in the reaction of phthalimide with allyl butyl ether.
The catalytic behavior in the presence of two different oxidants and solvents are summarized in Table 1 . Analysis of the data showed that the best solvent is 1,2-dichloroethane (DCE, entries 2,10-14). When PhI(OAc) 2 is used (entry 2) there is partial decomposition with formation of palladium metal. PhICl 2 , however was found to be a suitable oxidant 41, 42 . The new complex 2 has slightly higher yields than complex 3 under similar conditions (entries 10-13), probably due to the fact that the more extended conjugation of the benzotriazole rings makes the metal center more electron deficient and consequently increases the reactivity. The use of Pd(OAc) 2 as catalyst has the lowest yield (entry 14); this result is likely to be due to the difficulty in stabilizing the active species (Scheme 2).
Although with our data no detailed reaction mechanism can be proposed, a plausible path is shown in Scheme 2. The reaction is thought to proceed by the Markownikov aminopalladation of the olefin to produce the intermediate 
CONCLUSIONS
In summary, we have synthesized and characterized the new ligand 3,5-bis(benzotriazol-1-ylmethyl)toluene (1) and the compound [PdCl 2 {3,5-bis(benzotriazol-1-ylmethyl)tolyl}] (2) in good yields. The palladium complexes (2, 3) show high activity as catalyst for oxidative amination, involving allyl butyl ether and phthalimide as substrates, using PhICl 2 as a stoichiometric oxidant under mild conditions.
